WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 98/13125 


B01D 53/22 


Al 










(43) International Publication Date: 


2 April 1998 (02.04.98) 



(21) International Application Number: PCT/US97/ 17205 

(22) Internationa) Filing Date: 25 September 1997 (25.09.97) 



(30) Priority Data: 

60/026.918 
08/936,665 



25 September 1996 (25.09.96) US 
24 September 1997 (24.09.97) US 



(71){72) Applicant and Inventor: BUXBAUM, Robert, E. 
[US/US]; 25451 Gardner Place, Oak Park, MI 48237 (US). 

(74) Agents: G1FFORD, Ernest. I. et al.; 280 N. Old Woodward 
Avenue, Suite 400, Birmingham. MJ 48009 (US). 



(81) Designated States: CA, IP. European patent (AT, BE, CH. DE 
DK. ES. FI, FR, GB. GR, IE. IT, LU. MC, NL, PT, SE). 



Published 

With international search report. 
With amended claims 



(54) Title: HIGH TEMPERATURE GAS PURIFICATION APPARATUS 




18 



(57) Abstract 

A high temperature membrane reactor or gas purification apparatus (10) includes a housing (12) containing a gas heating chamber 
(20) and a gas extraction component, preferably one or more tubular membranes (22). A surrounding annulus (24) provides heat exchange 
and insulation by circulating a mixed gas flow about housing (12) and then injecting the mixed gas flow into housing (12) for extraction 
or reaction. Apparatus (10) further includes an outlet (34) for releasing raffinate including a flow controlling restriction (38). Heating is 
provided by conducting the raffinate from the gas extraction component (22) to heating chamber (20) wherein reaction with catalyst (42) 
generates heat. A preferred application is for extracting hydrogen from the mixed gas flow or for generating hydrogen, e.g., by reforming 
methanol, ethanol, or gasoline. These features, alone or in combination, provide better energy management, better flow management, and 
better safety than current designs. 
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WO 98/13125 PCT/US97/17205 
HIGH TEMPERATURE GAS PURIFICATION APPARATUS 



Technical Field 

The present invention relates to an apparatus for the purification of a constituent gas and also 
to the generation of a constituent gas and the subsequent separation and purification from a mixed 
gas flow. More specifically, the present invention relates to the generation or purification of 
hydrogen from a mixture containing hydrogen. The apparatus utilizes one or more gas extraction 
membrane for removing hydrogen or other extractabie gas from a mixed gas flow. 

Background of the Invention 
The common technology for extracting gases such as hydrogen from industrial streams, for 
use in the electronics industry for hydrogenation or for changing the balance of hydrogen in those 
streams is to use membranes. The membranes are disposed in a housing. A mixed gas flow is 
conducted to the housing wherein the extraction occurs. Extracted gas (such as hydrogen) is 
preferentially extracted through the membranes and exits through an outlet port. A second outlet 
allows for the exhaust of rafinate out of the chamber, Examples of such chambers are shown in U.S. 
Patents 5,205,841, and 4,468,235. 

Many protocols require the mixed gas to be at elevated temperatures. In such cases, heat is 
lost from the housing, through the housing walls or carried away with the extracted gas, thereby 
resulting in loss of thermal efficiency of this system. Furthermore, heating methods currently in use 
tend to produce large thermal gradients, with the gas extraction membrane often being heated 
excessively in some areas and being under heated in others. The result of this is decreased flow rates 
and/or damage to the membranes. Johnson Matthey, LTD, has used a system of multiple heaters and 
temperature controllers, but this approach is energy inefficient and does not control the temperature 
much better than the single heater as the multiple controllers often fight one another. A system that 
helps to conserve heat and avoid these problems is disclosed in the pending U.S. application S.N. 
60/016,597 to the inventor of the present invention. Rafinate flow control and safety are also 

problems with the currently available purification and generation systems. The inventor has 
observed an input gas explosion during hot start up. Similarly, explosive conditions can result from 
a cool down in air where the module, full of combustible gas, sucks air in through the rafinate port. 
In either case, an explosive mixture of air and gas mixture suddenly contacts a hot membrane and 
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thus creates a serious danger. This danger is all the more severe as if the present invention is used 
as a hydrogen generator to fuel a fuel cell, e.g., to run a car, because of the demanding operating 
environment and the variety of mechanical talent, and the desire for a unit can be turned on or off 
instantly. 

Pure gas suck-back can also ruin a membrane if the sucked-back gas has already been mixed 
with a component, like arsine, that can poison the membrane. Purified hydrogen is mixed with 
arsine in the manufacture of semiconductors. 



Summary of the Invention 

In accordance with the present invention, there is provided a high temperature gas 
purification system including a housing, a gas heating means for heating a mixed gas flow within 
the housing and a gas extraction means for selectively passing therethrough a constituent gas from 
the mixed gas flow. An annulus surrounds the housing for insulating the housing by circulating the 
incoming mixed gas flow about the housing and then injecting the mixed gas flow into the housing 
for extraction by the gas extraction means. A second annulus is optionally provided to enhance the 
transfer of heat from the extracted gas to the incoming mixture. 

The heating means includes a heating chamber disposed within the housing and in thermal 
contact with the gas extraction means. Alternatively, the heat is applied from outside of the annulus. 
The heat can be electrical, or steam, and includes the possibility of providing a fluid conduit for 
conducting rafinate from the gas extraction means to the heating chamber. In this case, the heating 
chamber contains a catalyst for reacting the rafinate (e.g., with air) to generate heat within the heating 
chamber. This set-up is particularly useful if the invention is used as a hydrogen generator, e.g.. as 
a methanol or ethanol reformer, when combined with a suitable catalyst within the housing. 

The housing includes an outlet for releasing rafinate mixed gas flow therethrough and flow 
restricting means of controlling rafinate movement out of the housing. 
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Brief Description of the Drawings 

Other advantages of the present invention will be readily appreciated as the same becomes 
better understood by reference to the following detailed description when considered in connection 
with the accompanying drawings wherein: 

Figure 1 is a cross sectional view of a gas purification system constructed in accordance with 
the present invention; 

Figure 2 is a cross sectional view of a gas purification system further including a conduit for 
recirculating rafinate air into the heating chamber of the system; 

Figure 3 is a cross sectional view of a third embodiment of a gas purification system 
constructed in accordance with the present invention; 

Figure 4 is a cross sectional view of a fourth embodiment of the present invention which 
includes flat sheet membranes; and 

Figure 5 is a cross sectional view of a fifth embodiment of the present invention suited for 
generating hydrogen from methanol and water. 

Detailed Description of the Drawings 

An apparatus for extracting a gas, preferably hydrogen, from a mixed gas flow containing a 
constituent gas to be separated is generally shown at 10 in Figure 1 . Figure 2 shows a variant of the 
invention wherein like parts are shown by primed-Iike numbers. Extraction of a constituent gas from 
a mixed gas flow using the instant invention is typically facilitated by elevated temperatures. 
Temperatures in the range of between about 70°C and 700°C are useful in promoting increased 
diffusion rates and catalyst activity. With the use of elevated temperature systems, heat management 
becomes an important factor in the efficient operation of the gas purification system of the instant 
invention. 

The operation of an apparatus of the instant invention at an elevated temperature poses 
minimal safety hazards under start-up or shut-down conditions owing to operation of a flow 
restricting means to lessen the seepage of atmospheric air into the apparatus. Without the innovation 
of the instant invention, during start-up, the presence of air in contact with gases, such as hydrogen 
at increasing temperatures as the apparatus reaches steady state operating temperature and pressure 
is an explosion hazard. A similar, hazard exists upon shut-down. In the instant invention a flow 
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restricting means restricts the back flow of external gas, such as atmospheric air from entering the 
apparatus and only allows the unidirectional movement of gas out of the apparatus. The flow 
restricting means illustratively includes a frit, a plenum or check valve. Preferably, a frit or check 
valve is adapted as a flow restricting means. With the frit or check valve closing in response to a 
pressure within the apparatus decreasing below a pre-selected threshold. 

Generally, a gas purification system 10 of the present invention includes a housing shown 
generally at 12, the housing having a substantially annular side wall 14 and top and bottom walls 16 
and 18, respectively. The shape of the housing 12 is not critical with regard to the various aspects 
of the present invention. 

The housing 12 includes a gas heating means in the form of a heating chamber 20 which is 
shown in Figure 1. Heating means are well known in the art and illustratively include, electrical 
heating, such as an electrical cartridge heater or a combustion source which are readily disposed 
within the chamber 20 to heat a mixed gas flow within the housing 12. Alternatively, a furnace or 
heating tape is provided surrounding the apparatus 10. 

Preferably, the housing is 1.0 to 4 inches in diameter. The heating chamber 20 is 
approximately 0.25 to 3.0 inch in diameter. It is appreciated that these dimensions and the ratio 
therebetween are readily modified to accommodate different throughput requirements and heat 
management efficiencies of scale. 

The assembly 10 includes a gas extraction means for making an extraction from the mixed 
gas flow. The system employs a single coiled membrane 22 or 22', multiple coiled membranes. 22", 
or multiple straight membranes 22'" or 22"" Representative membrane designs of the instant 
invention are shown in Figures 1 through 5. For hydrogen extraction, the membranes of the instant 
invention preferably consist of a hydrogen extractable material selected from: palladium-coated 
refractory metals, or alloys of refractory metals, polymers, palladium-silver, palladium-copper, 
porous metals, silica, and ceramics. The tubes generally have a diameter of 0.020 to 0.25 inches. 

An insulating gas annulus 24 surrounds the housing 12 in order to insulate the housing 12. 
This is accomplished by the annulus 24 circulating the mixed gas flow about the housing 1 2 and then 
injecting the mixed gas flow into the housing 12 for extraction by the gas extraction membrane 22. 
More specifically, the annulus 24 is in the form of a jacket about the wall 14 of the housing 12. 
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Preferably, the annulus forms a hollow cavity 0.03 to 0.2 inches in thickness, about the housing 
outside wall 14 and the inner surface of the outside wail 28. The annulus 24 includes an inlet 30 
for the entry of the mixed gas flow there into and a communicating portal 32, the mixed gas flow 
exiting the portal is contacted with the extraction membrane 22. A passageway 36 is provided for 
removal of the extracted constituent gas. 

Preferably, the mixed gas flow inlet 30 and porta! 32, into and out of the annulus 24, 
respectively, are on opposite sides and opposite ends of the housing 12. In this manner, mixed gas 
flow entering through the inlet 30 flows circuitously about, around and effectively jackets the 
housing wall 14 prior to exiting from the annulus through the portal 32 and contacting an extraction 
tube 22. In this manner, the housing wall 14 is simultaneously insulated by the jacketing gas within 
the annulus 24 while the mixed gas flow within the annulus 24 is preheated prior to entering the 
extraction membrane 22. Thus, the flow through the annulus 24 serves to preheat the incoming 
mixed gas flow with heat that would be lost in the environment and/or would go out with the purified 
hydrogen via the passageway 36. Thus, configured, annulus 24 serves to preheat the mixed gas flow 
while conserving energy within the system. A particularly effective form of this annulus is shown 
is Figure 5. where the annulus 24" M is extended and set opposite a second annulus 50 in which flows 
the exiting purified constituent gas. These two annuli serve as a form of curved 'flat-plate' heat 
exchanger, greatly improving the thermal behavior of the system. 

The assembly 10 optionally includes a flow restricting means for controlling rafinate mixed 
gas flow out of the housing 12. The flow restricting means is preferably in the form of a flow 
restricting frit or check valve disposed proximate to or within the outlet channel 34 of the gas 
extracting membrane 22. An example of such a flow restricting frit is a porous metal flow restrictor 
(Mott Metallurgical Corporation, Connecticut, USA). The flow restrictor 38 provides a measure of 
internal rafinate flow control, improving safety, making small units simpler to build and larger units 
easier to operate. Optionally, a flow restrictor is adopted to fit within the passageway 36 to prevent 
backflow into the housing 12. 

One of these safety features is serving as a flame arrester so that a fire in the rafinate cannot 
burn back into the purifier membrane 22 and also so that fire in the purifier membrane 22 cannot 
shoot out of the gas discharge outlet 34. A second safety feature, operative in the case of a hot start 
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up or sudden shut down, the flow restrictor 38 prevents the sudden contact of explosive mixture with 
a hot extraction membrane 22. It is appreciated in those aspects of the instant invention having 
multiple gas extraction membranes contained within a single housing that an added measure of 
control and therefore safety is attained by butting each such membrane with a separate frit or check 
valve to each membrane or butting each separate membrane to an exhaust tube that contains a frit 
or valve therein. Such a exhaust tube entering an outlet channel by way of a manifold or each such 
exhaust tube leading to the exterior of the apparatus housing. 

A system 10', in Figure 2, is shown to include fluid conducting means in the form of conduit 
40 for conducting rafmate mixed gas flow from the gas extraction membrane 22 to the heating 
chamber 20'. The heating chamber 20' contains a catalyst, shown schematically at 42, which 
promotes an exothermic reaction (e.g., burning) of the rafmate mixed gas flow to generate heat 
within the heating chamber 20 1 . 

With specific regard to the mixed gas flow containing hydrogen, the catalyst 42 can be 
selected from the group consisting of mixed oxides palladium, platinum, and rhodium. A catalyst 
from this group combines oxygen from the air with hydrogen and other combustible gasses in the 
rafmate flow to generate heat. Further, the housing 12' includes a vent 46 or feed tube 47 (Figure 
5) in fluid communication between the heating chamber 20' and an exterior of the housing 12' for 
allowing fluid flow of air into the heating chamber 20' for reacting with the rafmate bleed on the 
catalyst 42 to generate heat within the heating chamber 20'. Heat is generated within the heating 
chamber 20' when it is filled with the appropriate catalyst 44 and is presented with the rafmate bleed 
via the conduit 40 and the outlet channel 34', the rafmate containing hydrogen plus impurities, and 
with air that counter defuses in through the top vent 46 or which enters under pressure through the 
feed tube 47. Thus, the heating chamber 20' is heated with a limited requirement of any external 
energy being expended possibly for start-up and temperature control. 

The vent 46 is in the form of a mesh or a tube which keeps the catalyst 42 in place, and 
allows reaction products e.g., water and carbon dioxide to leave the heating chamber 20'. 
Alternatively, a controllable mechanism monitors and controls the amount of oxygen entering the 
heating chamber 20'. Such an active control vent is regulated by a thermal, pressure or like feed back 
mechanism. 
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1 he above described heating method is most appropriate for use with 60% to 90% hydrogen 
mixed gas flow sources. Examples of such sources are petrochemical fuel-gas streams, and the 
products of methanol, ethanol, or petroleum-water reforming. A flow restrictor 38 is preferred in 
combination with the system of the instant invention. Without such a restrictor 38, careful control 
of the rafinate flow is required, else a flame may shoot out of the catalytic combustor (the healing 
chamber 20'). Further, a restrictor can prevent very hot air from being drawn back into the device 
when the flow is turned off. This drawn back air may lead to an explosion. Hence, the addition of 
the restrictor 38 in combination with the recycling rafinate/catalyst heating mechanism of the instant 
invention provides a safe and efficient heating system. 

In the invention as shown in Figure 1, a mixed gas flow enters the annulus 24 through the 
inlet 30 and effectively jackets the housing wall 14 thereby insulating the housing 12. 
Simultaneously, the mixed gas flow within the annulus 24 is preheated prior to entering the core of 
the gas extraction membrane 22. The mixed gas flow enters the gas extraction membrane portal 32 
and hydrogen gas is extracted from the mixed gas flow and exits through passageway 36. The 
rafinate mixed gas flow exits the extraction tube 22 through outlet channel 34, the flow of which is 
controlled by the restrictor 38. As shown in Figure 2, the mixed gas llow circulates through the 
conduit 40 into the heating chamber 20' so as to react with ambient air entering through the 
passageway 46 so as to react on the catalyst 42 to generate heat. 

Thus, the present invention further provides a method for purifying gas at high temperatures 
by heating the mixed gas flow within the housing 12 and making an extraction from the gas. The 
method further incudes the steps of insulating the housing 1 2 by circulating the mixed gas flow about 
the housing 12 and injecting the mixed gas flow into the housing. By injecting, it is meant that the 
pressure head of the mixed gas flow entering the annulus 28 forces the mixed gas flow through the 
portal 32 into the extraction membranes 22. 

The instant invention optionally further includes the steps of conducting the rafinate mixed 
gas flow from the housing 12 to the heating chamber 20' and reacting the mixed gas flow on the 
catalyst 42 within the heating chamber20' to generate heat within the heating chamber 20'. 

This step involves the entrance of rafinate via conduit 40, the entrance of a second reactant, 
e.g., air by vent 46 (Figure 4) or an inlet tube into the heating chamber 20' for reacting on the catalyst 
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42 to generate heal into the heating chamber and the venting of products via 46. An electric heater. 
100 is optionally provided for start up of the system of the instant invention (Figure 5). 

The annulus 24 of the present invention is a more effective insulating layer than a stagnate 
gas because the continuous flow provides feed heating that would otherwise have to be provided by 
some other heating source. In the end, this improves temperature uniformity and reduces the heat 
loss to the environment. For a proper choice of annulus size, the annulus combined with a thermal 
insulating blanket is more effective at conserving heat than a thermal blanket alone. The flow 
through this layer preheats the incoming gas with heat that would be lost in the environment and/or 
would be carried away with pure hydrogen. 

Figure 3 shows two spiral tubes 22" functionally in combination. Again, double primed 
numerals are used to indicate like structure between the several illustrative figures. Figure 3 
illustrates the use of multiple tubes, the number of the lubes depending upon factors including the 
interior space of the housing 12". The increase in tube number increases throughput. Thusly, a 
predetermined size housing 12" can include multiple gas extraction membranes and thereby increase 
productivity and effectively decrease costs. It is further appreciated that each of multiple tube 
arrangement is optionally configured with an individual flow restrictor for each tube (not shown). 

In Figure 4 like structures between the several embodiments are shown as triple primed 
numerals. In Figure 4, the present invention is shown to include an annulus 24 M \ and a flow 
restrictor 3 8' H in combination with multiple straight gas extraction tubes 22'". Such an embodiment 
has numerous applications for the extraction of constituent gases other than hydrogen. Certain 
ceramic membranes cannot be coiled but are nonetheless operative as extraction membranes in the 
present invention. Hence, the flexibility of the present invention is demonstrated in the application 
of gas extraction membranes other than spiral metal membranes. Likewise, the embodiment of the 
present invention of Figure 4 is operative with the fluid conducting means discussed above for 
conducting rafinate mixed gas flow from the gas extraction rubes to the heating chamber of reaction 
catalysts to generate heat within the heating chamber. 

The elevated temperature of operation and the pressure gradients associated with gas 
membrane extraction may induce deformation of the membrane 22". In embodiments of the instant 
invention, such as that depicted in Figure 4, where a mixed gas flow is simultaneously in contact 
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with the interior of the housing 12 and a membrane 22", there is a likelihood of membrane collapse, 
owing to the mixed gas flow pressure exerted on a membrane. To prevent such deformation a coiled 
support is optionally inserted within a membrane (not shown). The coil support preferably has a 
pitch of less than about 30°, larger pitch angles do not provide adequate stiffening properties. More 
preferably, the pitch angle is between 3° and 25°. The coiled support is constructed of a material 
having a higher rigidity and tensile strength than the membrane in operation. Furthermore, the 
support is not reactive towards a constituent gas, under operation temperatures of the instant 
invention. For extraction of constituent gases other than hydrogen, membrane materials specific to 
the constituent gas are selected from these known to the art, either alone, or coated to increase gas 
extraction efficiency. 

In Figure 5, the present invention is shown with an annulus 24"" that is extended to enhance 
recovery from the extracted constituent gas as it flows through a second annulus 50. In Figure 5. 
four primed numerals indicate like structure between the several figures. Further, included is a 
reforming catalyst, 44. The reforming catalyst allows the module to accept organic feeds directly. 
For example, a mixed flow of methanol and water or of cthanol and water illustratively serves as 
feed stock. The mixture is heated in the annulus, vaporized, and contacts the catalyst, 44, thereby 
generating hydrogen. The hydrogen is then purified through the membranes 22 MM and collected at 
36"". The rafinate is then combusted at 20"". Preferably, the rafinate is combusted on the 
combustion catalyst 42"", providing the heat to maintain the reaction. In Figure 5, a membrane 
reactor 10"" is built with flow restrictor 38"" and annulus 24"" for generating hydrogen, preferably 
from an alcohol and water mixture or from a gasoline and steam mixture. A methanol (or other) 
reforming catalyst 44 is disposed within the housing 12"" and adjacent to the extraction tubes 22"". 
Hydrogen is formed e.g., by the reaction MeOH + H.O -* 3H 2 + CO. Much of the hydrogen is 
collected at the annulus 50, where it is cooled and fed to the exit passageway 36"", the remainder 
is vented to combustion within the heating chamber 20"" along with non-reacted components CO, 
C0 2 , alcohol and H,0. Hence, this system includes two different catalysts. A first catalyst is the 
methanol reforming catalyst 44 for generating hydrogen from methanol and water. Ideally, this first 
catalyst also operates as a water-gas shifter catalyzing the reaction CO + H 2 0 --> CO^ + II 2 . A 
second catalyst is contained within the heating chamber 20"", as discussed in detail above, for 
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generating heat within the chamber. 

The invention has been described in an illustrative manner, and it is to be understood that the 
terminology which has been used is intended to be in the nature of words of description rather than 
of limitation. Modifications and variations of the present invention are possible in light of the above 
teachings. It is, therefore, to be understood that within the scope of the appended claims the 
invention may be practiced otherwise than as specifically described. 

What is claimed is: 
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11. A high temperature gas purification system comprising: 
2 a housing having an interior and an exterior, and a communicating portal 

thecbbetween for a mixed gas flow; 

4 an annulus having an inner wall and an outer wall, said annulus disposed adjacent to 

5 the exterior of said housing, thereby forming a hollow internal cavity adjacent to the exterior 

6 of said housing; 

7 an inlet for directing mixed gas flow from the external to the outer wall of said 

8 annulus into said hollow cavity and towards the portal of said housing; 

9 a gas extraction means within the interior of said housing, said gas extraction means 

10 in contact with the mixed gas flow from said inlet, wherein said gas extraction means is 

1 1 capable of selectively passing a constituent gas of the mixed gas flow therethrough, whereby 

1 2 a rafinate of the mixed gas flow is retained in contact with said gas extraction means; 

1 3 a gas heating means wherein said gas heating means is in thermal contact with said 

14 mixed gas flow; 

15 an outlet channel for removing said rafinate from contact with said gas extraction 

16 means; and 

1 7 a passageway for the removal of the constituent gas from the interior of said housing. 
18 



1 2. The gas purification system of claim 1 wherein said inlet for mixed gas flow is a 

2 nonlinear alignment with the portal, such that the mixed gas flow follows an indirect route 

3 through said hollow cavity before exiting the communicating portal. 

1 3. The gas purification system of claim 1 wherein said outlet channel or passageway 

2 further comprises a flow restricting means for controlled release of said rafinate or 

3 constituent gas through said outlet channel or passageway, respectfully. 

1 4. The gas purification system of claim 3 wherein said flow restricting means is a porous 
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2 metal flow restriction. 

1 5. The gas purification system of claim 3 wherein said flow restricting means is a check 

2 valve adapted to allow uni-directional movement of said rafinate or constituent gas from 

3 contact with said gas extraction means. 

1 6. The gas purification system of claim 1 wherein said gas extraction means is affixed 

2 to the portal such that the mixed gas flow entering through the portal is contained within said 

3 gas extraction means. 

1 7. The gas purification system of claim 1 wherein said gas extraction means is a 

2 selectively permeable gas membrane. 

1 8. The gas purification system of claim 7 wherein the mixed gas flow entering through 

2 the portal is simultaneously in contact with the interior of said housing and said membrane. 

1 9. The gas purification system of claim 8 wherein said membrane is a tube, said tube 

2 containing therein a coiled spiral support, said support having an angular pitch of between 

3 3° and 30°. 

1 10. The gas purification system of claim 7 wherein said selectively permeable gas 

2 membrane is a tube consisting of a material permeable to the constituent gas selected from 

3 the group consisting of: refractory metals, alloys of refractory metals, polymers, palladium- 

4 silver, palladium-copper, porous metals, silica, and ceramics. 

1 11. The gas purification system of claim 10 wherein said selectively permeable gas 

2 membrane is permeable to hydrogen and hydrogen is the constituent gas in the mixed gas 

3 flow. 
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1 12. The gas purification system of claim 6 wherein said gas extraction means is a 

2 multiplicity of selectively permeable gas extraction tubes, each of said multiplicity of tubes 

3 abutting an exhaust tube, said exhaust tube in fluid communication with said channel. 

1 13. The gas purification system of claim 12 wherein said exhaust tube contains therein 

2 a flow restricting means adapted to allow uni-directional movement of said rafinate from 

3 contact with said gas extraction means. 

1 14. A gas purification system of claim 1 wherein said heating means includes an 

2 electrically powered heating element. 

1 15. The gas purification system of claim 1 further comprising a fluid conduit for 

2 conducting said rafinate from said outlet channel into said heating means, wherein said 

3 heating means is a heating chamber. 

1 16. A gas purification system as set forth in claim 10 wherein said heating chamber 

2 contains an active catalyst, said catalyst promoting the exothermic reaction of said rafinate, 

3 so as to generate heat within said heating chamber. 

1 17. The gas purification system as set forth in claim 10 wherein said heating chamber 

2 further comprises a vent, said vent in fluid communication between said heating chamber and 

3 a source of air or oxygen so as to allow fluid flow of air or oxygen into said heating chamber. 

1 18. The gas purification system as set forth in claim 17 wherein said active catalyst 

2 promotes the oxidation of said rafinate. 

1 19. The gas purification system of claim 1 wherein said passageway includes a second 

2 annulus disposed adjacent to the exterior of said housing such that said constituent gas within 

3 said passageway transfers heat to the first annulus surrounding the exterior of said housing. 
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1 20. The high temperature gas purifications system of claim 1 wherein said housing 

2 contains a second catalyst adjacent to said gas extraction means so as to generate or consume 

3 the constituent gas. 

1 21. An improved gas purification system for the removal of a constituent gas from a 

2 mixed gas flow, the system comprising: a portal for a mixed gas flow movement into a heated 

3 housing, said housing heated to a temperature between about 70 °C and about 700 °C, said 

4 housing containing a gas extraction membrane capable of selectively passing the constituent 

5 gas; an outlet channel for removal of a rafinate derived from the mixed gas flow following 

6 the selective passing of the constituent gas therefrom, and a passageway for the removal of 

7 the constituent gas from said housing, wherein the improvement lies in: 

8 a valve inserted adjacent to said outlet channel adapted to allow for uni-directional 

9 removal of rafinate and closure of said channel upon a rafinate pressure decreasing below a 
10 preselected threshold. 

I 22. The improved gas purification system of claim 21 further comprising the 
improvement of: 

3 an annulus surrounding said housing through which the mixed gas flow circulates so 

4 as to preheat the mixed gas flow prior to the mixed gas flow entering said housing. 

1 23. The improved gas purification system of claim 21 further comprising the 
imjSrovement of: 

3 a second annulus in fluid communication with said passageway adjacent to said 

4 housing through which the constituent gas circulates so as to preheat the mixed gas flow prior 

5 to the mixed gas flow entering said housing, 

1 24. An improved gas purification system for the removal of a constituent gas from a 

2 mixed gas flow, the system comprising: 
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3 a portal for mixed gas flow movement into a heated housing, said housing heated to a 

4 temperature between about 150°C and about 700°C, said housing containing a gas extraction 

5 membrane capable of selectively passing the constituent gas; an outlet channel for removal 

6 of a rafinate derived from the mixed gas flow following the selective passing of the 

7 constituent gas therefrom, and a passageway for the removal of the constituent gas from said 

8 housing, wherein the improvement lies in: 

9 a spiral support coil within said gas extraction membrane, wherein said membrane 
10 forms a cylindrical tube, said coil having an angular pitch of between 3° and 30°. 



3 



10 



1 25 A method for separating a gas at high temperature from a mixed gas How comprising 

2 the steps of: 

introducing a mixed gas flow into a housing containing a heating chamber therein; 

4 contacting the mixed gas flow with a selectively gas permeable membrane; 

5 allowing sufficient contact time between said membrane and the mixed gas flow for 

6 a constituent gas of the mixed gas flow to selectively pass said membrane so as to leave a 

7 rafinate deficient in the constituent gas in contact with said membrane; 

8 conducting said rafinate into said heating chamber by means of a conduit; 

9 reacting said rafinate exothermicaJly in the presence of a catalyst so as to heat said 
housing, said membrane therein, and to produce byproducts; 

1 1 venting said byproducts from said heating chamber; and 

1 2 collecting the constituent gas. 

1 26. The method of claim 25 further comprising the steps of: 

2 introducing a feedstock into a hollow cavity, said cavity containing a second catalyst 

3 suitable for converting the feedstock into the mixed gas flow containing the constituent gas 

4 prior to introducing the mixed gas flow, said cavity, being disposed about said housing. 

1 27. The method of claim 25 further comprising the steps of: 

2 introducing the mixed gas flow into a hollow cavity, said cavity disposed about said 
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3 housing so as to preheat the mixed gas flow prior to introducing the mixed gas flow into said 

4 housing. 

1 28. The method of claim 25 wherein the conduit contains a flow restricting means. 
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AMENDED CLAIMS 

[received by the International Bureau on 9 March 1998 (09 03 98)* 
original claims 25-27 amended; new claims 29 and 30 added; 
remaining claims unchanged (2 pages)] 

3 a portal for mixed gas flow movement into a heated housing, said housing heated to a 

4 temperature between about 150 D C and about 700*C, said housing containing a gas 

5 extraction membrane capable of selectively passing the constituent gas; an outlet channel 

6 for removal of a rafinate derived from the mixed gas flow following the selective passing 

7 of the constituent gas therefrom, and a passageway for the removal of the constituent gas 

8 from said housing, wherein the improvement lies in: 

9 a spiral support coil within said gas extraction membrane, wherein said membrane 
10 forms a cylindrical tube, said coil having an angular pitch of between 3° and 30°. 

1 25. A method for separating a gas at high temperature from a mixed gas flow 

2 comprising the steps of: 

3 introducing a mixed gas flow into a housing containing a heating chamber therein; 

4 contacting the mixed gas flow with a selectively gas permeable membrane; 

5 allowmg sufficient contact time between said membrane and the mixed gas flow 

6 for a constituent gas of the mixed gas flow to selectively pass said membrane so as to leave 

7 a rafinate deficient in the constituent gas in contact with said membrane; 

8 conducting said rafinate into said heating chamber by means of a conduit; 

9 reacting said rafinate ex o therm icaJiy; 

1 0 venting said byproducts from said heating chamber, and 

1 1 collecting the constituent gas. 



1 26. The method of claim 25 further comprising the step of: 

2 introducing a feedstock into a hoUow cavity, said cavity containing a second 

3 catalyst suitable for converting the feedstock into the mixed gas flow containing the 

4 constituent gas prior to introducing the mixed gas flow, said cavity, being disposed adjacent 

5 to said heating chamber. 

1 27. The method of claim 25 further comprising the step of: 

2 introducing the mixed gas flow into a hollow cavity, said cavity being disposed 

3 about said 
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4 housing so as to regulate the temperature within said housing prior to introducing the mixed 

5 gas flow into said housing. 

1 28. The method of claim 25 wherein the conduit contains a flow restricting means. 

1 29. The method of claim 25 wherein reacting said rafinate exothcrmically occurs in the 

2 presence of a catalyst so as to heat said housing. 

1 30. The method of claim 26 wherein said second catalyst is disposed adjacent to said 

2 membrane. 
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STATEMENT UNDER ARTICLE 19 

Pages 1 5 and 16 arc being iubmitted containing claims 25-30. The status 
of these claims are as follows: 

(i) Claims 1 -24 and 28 remain unchanged; 

(ii) Claims 25-27 have been amended and replace the original claims 
25-27; and 

(in) New claims 29 and 30 have been added. 
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